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Abstract: Six rhenium(I) κ3N -dicarbonyl complexes with 4’-(4-substituted-phenyl)-terpyridine
ligands were evaluated in their ground and excited states. These complexes, bearing substituents
of different electron-donating strengths—from CN to NMe2—were studied by a combination of
transient IR, electrochemistry and IR spectroelectrochemistry, as well as time-dependent density
functional theory (TD-DFT). They exhibit panchromatic absorption and can act as stronger pho-
toreductants than their tricarbonyl counterparts. The ground- and excited-state potentials, ab-
sorption maxima and lifetimes (250–750 ps) of these complexes correlate well with the Hammett
σp substituent constants, showing the systematic effect of remote substitution in the ligand frame-
work. Transient IR spectroscopy allowed us to assign the lowest singlet and triplet excited states
to a metal-to-ligand charge transfer (MLCT) character. This result contrasts our previous report
on analogous κ2N -tricarbonyl complexes, where remote substitution switched the character from
MLCT to intraligand charge transfer (ILCT). With the help of TD-DFT calculations, we dissect the
geometric and electronic effects of coordination of the third pyridine, local symmetries, and increase
in the conjugation length. These results give valuable insights for the design of complexes with
long-lived triplet excited states and enhanced absorption throughout the visible spectrum, while
showcasing the boundaries of the excited-state switching strategy via remote substitution.
INTRODUCTION
Rhenium(I) carbonyl complexes have found
widespread applications in chemistry, ranging from
their ubiquitous role as photosensitisers in diverse
photocatalytic transformations,1–12 to their use as
CO2 reduction catalysts.
13–18 Complexes of the type
fac-[Re(N∧N)(CO)3L]
+ (where N∧N is a bidentate di-
imine ligand) have been studied to a great extent, since
the pioneering work by Wrighton and co-workers,19–21
as well as Lehn and co-workers.22
While the photochemical and photophysical proper-
ties of fac-tricarbonyl Re(I) complexes have been studied
extensively,19,23–31 those of mononuclear cis-dicarbonyl
Re(I) complexes, in contrast, remain to date relatively
unexplored.32 The groups of Castellano,33 and Sullivan,34
have recently reported on substituent effects in Re(I)
bis-diimine dicarbonyl complexes with general formula
[Re(N∧N)2(CO)2]
+, Figure 1A. In addition, Ishitani and
co-workers35 have reported on supramolecular assem-
blies of Re(I) dicarbonyl complexes with phosphine lig-
ands. Furthermore, Dempsey and co-workers36 have re-
ported on a series of Re(I) bipyridine dicarbonyl com-
plexes with axial ligands of different donating strengths
(Figure 1B), exhibiting broadband visible absorption
and acting as stronger photoreductants than conven-
tional Re(I) tricarbonyl complexes. Hightower and co-
workers,37,38 as well as Richeson and co-workers39 have
shown that cis-dicarbonyl Re(I) complexes of nitrogen
donor ligands bearing a κ3N coordination motif exhibit
enhanced absorption properties throughout the entire
visible spectrum—a common feature of these complexes
that makes them attractive candidates for applications
in photochemical energy conversion.
We have recently reported on a complementary re-
mote substitution strategy to tune the photophysical
and photochemical properties of Re(I) tricarbonyl com-
plexes, using a ligand framework based on bidentate 4’-
(4-R1-phenyl)-2,2’:6’,2”-terpyridine (terpy) ligands (Fig-
ure 1C), decorated with electron-withdrawing and donat-
ing substituents (ranging from CN to NMe2).
40 In the
present work, we extend our approach to their Re(I) cis-
dicarbonyl analogues (Figure 1D).
We report herein the synthesis, spectroscopic, crystal-
lographic and electrochemical characterisation of a series
of Re(I) κ3N -dicarbonyl complexes (3a-f, Scheme 1) with
substituted terpy ligands (La-Lf). The present study
brings new insights into the photophysical and photo-
chemical properties of this family of complexes. By com-
bining experimental and computational methods, includ-
ing UV pump-IR probe, FT-IR spectroelectrochemistry,
and time-dependent density functional calculations (TD-
DFT), we establish herein the key differences between the






































Figure 1. Different strategies for tuning the properties of
Re(I) carbonyl complexes: (A) by substitution on the diimine
ligands; (B) by tuning the axial ligands; (C) by remote sub-
stitution in tricarbonyl complexes and (D) in their dicarbonyl
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Our previous work This work
Scheme 1. Synthetic route and structures of the compounds studied in the present work.
We assess the impact of the different coordination ge-
ometries and local symmetries around the Re(I) centre,
and correlate the observed properties with the electronic
density on the terpyridine ligand. These two complemen-
tary approaches (i.e. remote substitution and coordina-
tion geometry) provide full control over the absorption
properties of these complexes, while allowing us to look
at their excited-state structure and dynamics.
RESULTS AND DISCUSSION
Synthesis and Characterisation
The synthetic route to the κ3N -dicarbonyl complexes
is shown in Scheme 1. In our previous report,40 we have
described the synthesis of the ligands (La-Lf, based on
a modified Kröhnke strategy with 4-acetylpyridine and
a 4-substituted benzaldehyde derivative);41,42 as well as
the synthesis of the κ2N -tricarbonyl complexes (2a-f, ob-
tained from ReI(CO)5Cl and the corresponding ligand).
The κ3N -dicarbonyl complexes studied in this work
(3a-f) were obtained as air-stable black solids in quan-
titative yields by thermal decarbonylation of 2a-f under
vacuum (Scheme 1), an improved protocol respect to pre-
vious literature reports.37–39 The key aspect to quantita-
tive conversion is heating the complexes under vacuum
(instead of under inert atmosphere), as this is expected
to promote CO loss. Complete experimental details are
provided in the Supporting Information (SI).
It is worth mentioning that both the κ2N -tricarbonyl
and the κ3N -dicarbonyl complexes show remarkable pho-
tochemical and thermal stability. In comparison, Mn(I)
tricarbonyl complexes with terpyridine ligands readily re-
lease CO upon photoexcitation, forming the correspond-
ing κ3N -dicarbonyl complex.43
The crystal structures of these complexes (illustrated
by that of 3f, Figure 2) confirm the mer,cis- coordina-
tion geometry around the Re(I) centre. In the complexes
studied in the present work, the plane of {Re(CO)2}
+
moiety is almost perpendicular to the plane of the ter-
pyridine ligand, in contrast to other reports of Re(I) di-
carbonyl complexes, where the two CO groups are copla-
nar with the bis-diimine ligand.36 The N5-Re1-N15 an-
gles close to 150◦ indicate a slight distortion from ideal
octahedral geometry. In general, bond lengths and angles
are in line with those of previously reported for similar
complexes.34,44–47 Additional crystallographic details are











Figure 2. Displacement ellipsoid representation (at the 50%
probability level) of the crystal structure of complex 3f. Hy-
drogen atoms and disorder omitted for clarity.
The 1H-NMR spectra of all κ3N complexes (3a-f)
show a single set of 7 signals for the terpyridine ligand
framework, also in agreement with the crystallographi-
cally observed mer,cis-(κ3N -terpy) coordination geome-
try and an apparent Cs symmetry around the Re(I) cen-
tre. The chemical shifts of the 3’ and 5’ protons of the
tpy ligand show a linear correlation with the Hammett
σp substituent constants, suggesting good electronic com-
munication between the ligand subunits. A similar cor-
relation was also observed for the 13C-NMR shifts of the
equatorial carbonyl ligands of the κ3N complexes. The
NMR spectra of all complexes are given in the SI.
3
Steady-State Spectroscopic Properties
Compared to their κ2N -tricarbonyl counterparts, the
κ3N -dicarbonyl complexes show panchromatic absorp-
tion (throughout the entire visible spectrum), manifested
in three strong metal-to-ligand charge transfer (MLCT)
bands around ca. 720, 480, and 410 nm (denoted herein
as ν1, ν2, and ν3, respectively), accompanied by a shoul-
der around 575 nm (Figure 3A).






















































Figure 3. (A) UV-Vis and (B) Fourier-transform infrared
(FT-IR) absorption spectra in DMF of the unsubstituted
κ2N -tricarbonyl (2d, blue) and κ3N -dicarbonyl (3d, red)
complexes.
In the IR, the change from the fac-{Re(CO)3}
+ to the
cis-{Re(CO)2}
+ moiety leads to an average red shift of
ca. 85 cm−1 in the CO frequencies (i.e. average of all CO
stretching frequencies). The two νCO absorption bands
expected for the cis-dicarbonyl complexes are observed
around ca. 1820 and 1895 cm−1 (Figure 3B).
These two vibrations have, respectively, antisymmetric
and symmetric characters (formally both of A’ symme-
try in the Cs point group)—consisting of out-of-phase
and in-phase stretching of the two CO groups, respec-
tively. They preserving the large delocalisation of the
C≡O stretching modes observed in their tricarbonyl
counterparts.48 The red shift in the absorption frequen-
cies can be explained by a significant increase in the elec-
tron density around the metal centre due to the replace-
ment of an electron-accepting CO group by a donating
imine group (from the now meridionally-coordinated ter-
pyridine ligand).
Complexes 3a-e show consistent hypsochromic (blue)
shifts in all UV-Vis absorption maxima as the elec-
tron donating character of the substituent is increased—
shifting by 614 (ν1), 390 (ν2), and 700 cm
−1 (ν3), respec-
tively, going from CN to OMe—accompanied by a slight
increase in extinction coefficients. These shifts are simi-
lar to those observed for 2a-e. Complete UV-Vis and IR
spectra are provided in the SI (Figs. S1-S2).
In contrast to its tricarbonyl counterpart, the NMe2-
substituted complex (3f) does not show any significant
new bands in its UV-Vis absorption spectrum. The posi-
tions (in cm−1) of the the lowest energy band (ν1) of the
UV-Vis spectra show an excellent linear correlation with
the Hammett σp substituent constants (R
2 = 0.9983,
Figure S3 in the SI), while those of ν2 and ν3 deviate
from linearity for the extremely donating or withdrawing
substituents.
Complexes 3a-f are non-emissive—neither at room
temperature nor at 77 K, in contrast to their κ2N -
tricarbonyl analogues (2a-f). We attribute this to a
faster non-radiative deactivation due to the significantly
red-shifted absorption (as expected from the energy gap
law).
Ground and Excited-State Redox Properties
Electrochemical studies of these complexes were car-
ried out in 0.1 m [Bu4N][PF6] in DMF (Figure 4). The
κ3N -dicarbonyl complexes show a one-electron chemi-
cally reversible oxidation around ∼0 V vs Fc+/0, and a
stepwise two-electron reduction below –1.5 V vs Fc+/0,
analogous to that observed in their κ2N -tricarbonyl
analogues.40 The dicarbonyl complexes show, however, a
more evident separation of the two overlapping consecu-
tive reduction waves, especially on the more electron-rich
complex 3f.
The partial irreversibility of the second reduction is
attributed to loss of the chloride ligand. This was well
reproduced in the DFT calculations, performed in Gaus-
sian 16 rev. B.01,49 and in agreement with previous re-
ports of related complexes.50–52 The redox potentials of
the oxidative and reductive events shift to more negative
values with more electron-donating substituents. Peak
shifts of –160 and –60 mV were recorded for the reduc-
tion and oxidation waves, respectively, between CN and
NMe2 as substituents (Figure S4 in the SI). The ground-
and excited-state redox properties of these complexes are
summarised in Table I, and discussed below.
Any potential application of these complexes for pho-
toinduced electron transfer reactions requires knowledge
of their excited-state redox potentials, which can be es-
timated by Eqs. 1–2:
E◦′red(
3[ReI]∗) = E◦′red +∆GST (1)
E◦′ox(
3[ReI]∗) = E◦′ox −∆GST (2)
Since the κ3N complexes are non-emissive, we esti-
mated the ∆GST values of these complexes directly from
the energy differences between the optimised ground and
lowest triplet excited state structures (without further
corrections). We base this approach on the excellent
4
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Potential (V vs Fc+/0)
Figure 4. Cyclic voltammograms of selected dicarbonyl com-
plexes in 0.1 m [Bu4N][PF6] in DMF. Scan rate: 100 mV s
−1.
agreement between experimental and calculated obtained
in our previous report for the κ2N complexes (with a
mean deviation of ±0.02 eV for complexes 2a-e, oper-
ating from a lowest 3MLCT state).40 Considering the
reported (E◦′ox)
∗ values for Re(I) tricarbonyl complexes
(≈ 1 V vs Fc+/Fc in MeCN),36 we conclude that the
κ3N complexes are stronger photo-reductants but weaker
photo-oxidants than their κ2N analogues.
TABLE I. Ground- and excited-state redox properties of the











(V)a (V)a (eV)b (V)c (V)c
3a) CN –1.58 0.09 1.35 –0.19 –1.26
3b) CF3 –1.60 0.07 1.39 –0.20 –1.32
3c) Br –1.62 0.06 1.42 –0.20 –1.36
3d) H –1.65 0.05 1.44 –0.21 –1.39
3e) OMe –1.67 0.05 1.47 –0.19 –1.42
3f) NMe2 –1.71 0.03 1.51 –0.20 –1.48
a Electrochemical potential in V vs Fc+/0 in DMF.
b Energy difference between the optimised S0 and T1
structures.
c Excited-state potentials estimated from Eqs. 1–2.
Spectroelectrochemical studies in the IR (IR-SEC) re-
vealed the absorption features of the singly oxidised, as
well as the singly and doubly reduced species. The ex-
perimental and calculated IR-SEC difference spectra of
3d (as a representative example) are shown in Figure 5.
Upon oxidation, the antisymmetric and symmetric
CO stretches blue shift by ca. 95 and 120 cm−1, re-
spectively. Similarly, upon reduction both carbonyl
stretching bands exhibit red shifts of ∼18 cm−1 (first
reduction) and ∼55 cm−1 (second reduction). Ishi-
tani, Turner and co-workers reported red shifts of 27
and 33 cm−1 for the first reduction, and red shifts of
55 and 66 cm−1 for the second (irreversible) reduction
of cis,trans-[Re(CO)2(bpy){P(OEt)3}2]
+.51 In a similar
fashion, Hartl and Vlček observed blue shifts of 78 and
92 cm−1 (for the first oxidation), and red shifts of 42 and
53 cm−1 (for the first reduction) for a Re(I) dicarbonyl
diphosphine complex with a quinone ligand.50









































Figure 5. Experimental (solid lines) and calculated (dashed
lines) difference IR spectra of the redox states of 3d. Ex-
perimental spectra measured in 0.1 m [Bu4N][PF6] in DMF.
Potentials vs Fc+/0. Theoretical frequencies were scaled by
0.969 to better match the experimentally obtained values.
similar structural changes upon reduction as their tricar-
bonyl counterparts (2a-f),40,53 leading to Cl– dissocia-
tion after the second reduction. DFT optimisation of the
structure of the doubly reduced species also led to disso-
ciation of the Cl ligand. In this case, the doubly reduced
complexes were re-optimised by manually removing the
Cl ligand.
Overall speaking, the shifts observed upon electro-
chemical oxidation and reduction of 3a-f correlate well
with those of similar complexes, being significantly higher
for the one-electron oxidation. These shifts were almost
quantitatively reproduced in DFT calculations of the dif-
ferent redox states, allowing us to safely assign them as
described above.
Excited-State Dynamics
We now turn to the excited-state dynamics of com-
plexes 3a-f. Transient absorption experiments were per-
formed with UV pump and ultrashort broadband mid-
IR pulses derived from a home-built OPA as the probe
(Complete experimental details are given in Section 1.3
of the SI).54–56 Transient IR (TRIR) spectra of the com-
plexes 3a-f in air-saturated DMF were recorded upon
excitation with 420 nm ultrashort pulses, and are illus-
trated in Figure 6 by those of 3d as a representative
example. Overall, the TRIR spectra of all complexes
show two excited-state absorption (ESA) bands, cen-
tred around 1871 and 1970 cm−1, and the corresponding
ground-state bleach signatures at 1820 and 1890 cm−1.
(TD-)DFT calculations of the TRIR spectroscopic
signatures for these complexes almost quantitatively
matched the experimental TRIR spectra (Figure 7).
Based on this, we assigned the observed spectroscopic
signatures to population of the lowest 3MLCT state of
the κ3N -dicarbonyl complexes after ultrafast intersys-
tem crossing (ISC) and/or internal conversion from an
initially populated higher singlet excited state. Evidence

















































Figure 6. FT-IR spectrum (top) and magic-angle TRIR spec-
tra (bottom) of 3d (5 mm in DMF) at different pump-probe
delays.
dependent blue shift of the two excited-state absorption
bands (also reproduced in the DFT calculations, Fig-
ure 7A-B). This process, taking place on a timescale of ca.
10 ps, is attributed to a convolution of relaxation on the
excited state(s) (internal conversion) and ISC, analogous
































































Figure 7. Calculated (A) absolute and (B) difference spectra
of the ground and lowest singlet and triplet excited states;
(C) Experimental TRIR spectra at early and late population
delays. All spectra correspond to 3d in DMF. Calculated fre-
quencies were scaled by 0.971 to better match the experiment.
Vertical coloured bars indicate the positions of the calculated
(scaled) frequencies for each state.
It is important here to emphasise that excitation with
420 nm initially populates higher singlet excited states in
the κ3N -dicarbonyl complexes. According to TD-DFT
calculations, all of these excited states (up to at least
S5) have an MLCT character, irrespective of the sub-
stituent on the ligand scaffold. This sharply contrasts
the excited-state character switching observed with the
NMe2 substituent in the κ
2N -tricarbonyl complexes from
our previous report.40
The excellent agreement between the experimental and
calculated UV-Vis absorption spectra (Figure S5 in the
SI) shows that our computational approach accurately
reproduces the ground- and excited-state properties.
Considering current and previous observations on
Re(I) κ2N -tricarbonyl complexes, we conclude that the
photophysics of κ3N -dicarbonyl complexes follow a very
similar pathway: excitation to one of the 1MLCT states
leads to ultrafast internal conversion and ISC to the
lowest-lying 3MLCT state, independent of the sub-
stituent on the terpy ligand framework.
Time-resolved investigations of mononuclear Re(I)
dicarbonyl complexes are relatively scarce in litera-
ture. Ishitani, Turner and co-workers have reported
on the photophysical and photochemical properties of
cis,trans-[Re(CO)2(bpy){P(OEt)3}2]
+.51 In their work,
they showed that upon photoexcitation, the νCO anti-
symmetric (lower energy) and symmetric (higher energy)
bands of this complex blue shift by ca. 45 and 56 cm−1.
Similarly, Castellano and co-workers observed blue shifts
of ca. 40 and 75 cm−1 upon photoexcitation of dicarbonyl
Re(I) complexes with substituted bis(diimine) ligands.33
In the excited 3MLCT state, complexes 3a-f display a
blue shift of the CO stretching bands of ca. 49 and
77 cm−1, in line with previous reports for similar com-
plexes.
We observe, across the series of complexes 3a-f, a sys-
tematic modification of the lifetimes of the lowest triplet
excited state (Figure 8), analogous to that observed for
2a-e. The lifetimes increase from 251 to 762 ps between
the CN- and OMe-substituted complexes, up to a max-
imum of 947 ps for the NMe2-substituted complex (3f)
The fitted lifetimes of all complexes can be found on Ta-
ble S2, and the corresponding TRIR kinetic traces in
Figure S6 of the SI.
When comparing the slopes of the lifetimes vs Ham-
mett σp substituent constants, we observe that the
change for κ2N -tricarbonyl complexes (2a-e) is more
prominent than that of the κ3N -dicarbonyl complexes
(3a-f). This results intriguing, considering that both
series evidence similar spectral shifts upon substitution
(717 and 614 cm−1, respectively, when going from CN to
OMe), excluding the NMe2 complexes.
Computational Aspects
We now turn to TD-DFT calculations to rationalise the
observed properties and the differences between the κ2N -
tricarbonyl complexes and their κ3N -dicarbonyl counter-
6























k2N-tricarbonyls (2a-e)    k3N-dicarbonyls (3a-f)
Figure 8. Linear correlations between the 3MLCT lifetimes
(from TRIR) and the Hammett σp substituent constants for
the κ2N -tricarbonyl complexes (2a-e, in blue; 2f excluded
for clarity), and κ3N -dicarbonyl complexes (3a-f, in red).
parts.
Neither the energy levels of the lowest unoccupied
molecular orbital (LUMO), nor those of the highest occu-
pied molecular orbital (HOMO) of complexes 3a-f corre-
late with the electron donating/withdrawing properties
of the substituents. This contrasts the trends observed
for both HOMO and LUMO of their tricarbonyl ana-
logues (2a-f). On average, while the LUMO orbitals of
3a-f remain at similar energies compared to 2a-f, the
HOMO orbitals are ∼1 eV higher in energy (making the
HOMO–LUMO gap correspondingly smaller). These re-
sults are in line with the similar reduction potentials ob-
served on both series, and the significantly lower oxida-
tion potential of the dicarbonyl complexes. Orbital en-
ergy diagrams are shown in Figure S7 in the SI.
Apart from the significant change in the electronic den-
sity around the Re(I) centre introduced by replacing a
C≡O ligand for a pyridine ligand (evidenced by the large
red shift of all IR absorption bands), the local symme-
try of the orbitals around the metal centre is increased
when going from the κ2N to the κ3N geometry. Pla-
narisation of the terpy ligand generates also a significant
increase in conjugation, which now spans across the the
three aromatic rings of the terpy ligand (also evidenced
in the crystal structures of these complexes). This geo-
metrical change suffices to introduce additional electronic
transitions, evidenced by inspecting the UV-Vis absorp-
tion spectra (Figure 3A), and reproduced by TD-DFT
calculations (Figure S5 in the SI).
The charge density difference (CDD) isosurfaces of
complexes 3d-f further support the observed TRIR re-
sults: no significant character change was observed when
going from the unsubstituted terpy ligand (R1 = H, 3d)
to the ligand substituted with the most electron-donating
group (R1 = NMe2, 3f). This contrasts with the case of
the tricarbonyl complex 2f. The CDD isosurfaces for the
S1 ← S0 transitions of 2a-f and 3d-f, calculated with
MultiWfn version 3.7,59 are shown in Figure 9 as repre-
sentative examples.
Two parallel effects—increased electron density and

















Figure 9. Charge density difference (CDD) isosurfaces of the
S1 ← S0 transition of complexes 2d-f (top row) and 3d-f
(bottom row), shown at |∆ρ| = 0.002 a.u.
sorption spectrum of the dicarbonyls, and the red shift
of ca. 1.55 eV in the energy of the S1 ← S0 transition.
We attribute ca. 1 eV of this shift to the increase in
the HOMO relative energies, and the remainder to the
increased conjugation. Furthermore, we believe the in-
creased electron density on the {Re(CO)2}
+ moiety com-
pared to the {Re(CO)3}
+ core hinders charge transfer
from the NMe2 group, as the former is a more potent
donor in the excited state.
The impact of the increased local symmetry around
the metal centre in the dicarbonyl complexes 3a-f can be
further evidenced in the CDD isosurfaces of the higher
excited states (Sn ← S0), shown in Figure 10.
The fact that the CDD isosurfaces bear strong simi-
larities results from the increase in the local symmetry
of the complexes, and also serves to illustrate that these
higher excited states have all an MLCT character.
The computational results presented herein serve to ex-
plain the observed changes in the electronic structure of
these complexes when going from the κ2N -tricarbonyl to
the κ3N -dicarbonyl coordination geometry. In addition,
the limitations of the excited-state switching strategy (to
avoid the energy gap law), towards increasing the lifetime
and red shifting the absorption, are dissected in terms of
symmetry and conjugation.
CONCLUDING REMARKS
Herein we studied the ground- and excited-state prop-
erties of a series of rhenium(I) dicarbonyl complexes
with substituted 4’-(4-R1-phenyl)-2,2’:6’,2”-terpyridine
ligands in a κ3N coordination motif, by employing a
combination of ultrafast and steady-state spectroscopic
7












Figure 10. Charge density difference (CDD) isosurfaces of the
Sn ← S0 transitions for the first 5 singlet states of complex
3d, shown at |∆ρ| = 0.001 a.u.
methods ranging from transient IR to IR spectroelectro-
chemistry, and density functional theory calculations.
In contrast to our previous report on analogous κ2N -
tricarbonyl complexes,40 we did not observe excited-state
character switching when increasing the electron do-
nating strength of the substituent from CN to NMe2.
In the present case, all excited states preserved their
MLCT character, as evidenced by TRIR spectroscopy,
and supported by TD-DFT calculations. The photophys-
ical and electrochemical properties of these complexes
showed excellent linear correlations with the Hammett σp
substituent constants, in line with the results observed
for their κ2N -tricarbonyl analogues operating from an
MLCT excited state (2a-e).
TD-DFT calculations revealed the fundamental differ-
ences in electronic structure between complexes of the
two series. We show that a combination of destabilisa-
tion of the HOMO orbitals (by replacing one CO for a
pyridine), and an increase in the conjugation length are
responsible for the observed ca. 1.55 eV red shift in the
absorption. This shift consequently lowers the excited
state lifetimes according to the energy gap law. We also
show that for the remote substitution strategy to switch
the lowest excited state to ILCT character in the excited
state, a third carbonyl is needed, as the electron-rich
{Re(CO)2}
+ moiety outcompetes the electron-donating
power of the NMe2 substituent, thus hindering the ac-
cess to ILCT states in these complexes.
We believe that this work presents the boundaries of
the MLCT to ILCT switching strategy to enhance the
lifetimes and absorption properties of Re(I) carbonyl
complexes. This represents fundamental insight into the
rich photochemistry, photophysics, and electronic struc-
ture of Re(I) carbonyl complexes with substituted ter-
pyridine ligands.
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Šebera, J.; Zálǐs, S.; Vlček, A.; Chergui, M. Fem-
tosecond fluorescence and intersystem crossing in rhe-
nium(I) carbonyl-bipyridine complexes. J. Am. Chem.
Soc. 2008, 130, 8967–8974.
(58) Sato, S.; Matubara, Y.; Koike, K.; Falkenström, M.;
Katayama, T.; Ishibashi, Y.; Miyasaka, H.;
Taniguchi, S.; Chosrowjan, H.; Mataga, N.;
Fukazawa, N.; Koshihara, S.; Onda, K.; Ishitani, O.
Photochemistry of fac-[Re(bpy)(CO)3Cl]. Chem. - A
Eur. J. 2012, 18, 15722–15734.
(59) Lu, T.; Chen, F. Multiwfn: A multifunctional wavefunc-
tion analyzer. J. Comput. Chem. 2012, 33, 580–592.
11



























A series of Re(I) dicarbonyl complexes with κ3N -
coordinated 4’-(4-substituted-phenyl)-terpyridine lig-
ands were studied with a range of experimental and com-
putational methods. These complexes show panchro-
matic absorption, and are stronger photoreductants than
their κ2N -tricarbonyl counterparts—albeit with signif-
icantly shorter excited-state lifetimes. All dicarbonyls
preserve an MLCT character in their lowest excited
states, showcasing the boundaries of the remote substitu-
tion strategy towards long-lived and panchromatic pho-
tosensitisers.
